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Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has a wide range of clinical manifestations, including acute respiratory distress syndrome, severe inflammation,
abnormal blood coagulation, and cytokine storm syndrome. SARS-CoV-2 uniquely facilitates its entry and expan-
sion in host cells through the spike protein consisting of S1 (receptor binding domain) and S2 (fusion peptide do-
main). The S1 binds to angiotensin-converting enzyme 2 (ACE2), the host cell receptor. The cleavage at the
boundary of S1 and S2 by Furin protease and subsequent digestion within the S2 by TMPRSS2 activate the S2 fu-
sion peptides, which are necessary for the entry of SARS-CoV-2 into host cells. After infection, SARS-CoV-2 RNA
genome encodes viral proteins including structural proteins, RNA polymerases/helicases, and modulators of host-
defense system, which inhibit type I-interferon-related immune signaling and signal transducer and activator of
transcription 1 (STAT1) signaling. In contrast, SARS-CoV-2 infection activates the proinflammatory cytokines,
such as interleukin 6 (IL-6) and tumor necrosis factor α (TNFα). In severe cases of COVID-19, these alterations in
immune signaling may induce a state of systemic immune dysfunction. Recent studies also revealed the involve-
ment of hematopoietic cells and alteration of cellular metabolic state in COVID-19. We here review the patho-
genesis of COVID-19, primarily focusing on the molecular mechanism underlying SARS-CoV2 infection and the
resulting immunological and hematological alterations.
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converting enzyme 2）が主要な SARS-CoV-2受容体
として働き，TMPRSS2プロテアーゼ（transmem-
brane protease serine 2）が Spikeタンパク質のプロ
セッシングを行う２）．Spikeタンパク質は受容体結合






























































Figure　1.　Spike protein of SARS-CoV-2 and its proteolytic sites.
Furin and TMPRESS2 proteases cleave S1/S2 and S2′ sites, respectively.
RBD, receptor binding domain; FP, fusion peptides; TM, transmembrane domain Adapted 





SARS-CoV-2: 676– TQTNSPRRAR SVA -688  811- KPSKR SFI -818
SARS-CoV-2




VEGF（vascular endothelial growth factor）の受容














（Figure 2）．RIG-Iの下流で，TANK binding kinase













































なお I型 IFNは中等度，重症例の COVID-19では
抑制されず，上昇に転じている２４）．感染初期における
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Figure　2.　Suppression of IFN expression by of SARS-
CoV-2 products.
Viral RNA activates the RIG-1-TBK1-IRF3 cascade and
facilitates the transcription of IFN-stimulated genes. Vi-
ral proteins (NSP1, NSP6, NSP13, ORF6) produced by the 



















































































Figure　3.　Schematic representation of SARS-CoV-2‒induced cytokine production and re-
lated metabolic pathways.
SARS-CoV-2 infection activates the p38/MAPK-AMPK pathway, which subsequently stim-
ulates cytokine production in host cells. The AMPK/mTOR pathway is also related to the 






















stormに よ り，macrophage activation syndrome
（MAS）/lymphohistiocytosis（HLH）が引き起こる３２）．
特に，サイトカインレベルの上昇（IL-6，IL-10，
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